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THE SEPARATION OF ALUMINIUM FROM BERYLLIUM.-PART I. 
BY HUBERT T. S. BRITTON, B.So., F.I.C. 
JUDGING from the number and variety of methods of sepmation of aluminium from 
beryllium described in the literature, it may be inferred that the problem has been 
the aouroe of muoh diffioulty. The bulkiness and gelatinous nature of both the 
duminium and beryllium hydroxide preoipitates render the methods involving them 
extremely difficult to make quantitative on aooount of the property possessed by eaoh 
to adsorb substances from solution. 
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360 BRITTON : THE SEPARATION OF ALUMINIUM FROM BERYLLIUM 
The following is an epitome of the methods which have been described : 
1. Digestion of hydroxides with a concentrated solution of ammonium carbonate, 
oausing beryllium hydroxide to pass into solution. (Vauquelin, Ann. Chim. Phys., 
1798,26, 155.) 
2. Treating aluminium and beryllium hydroxides with a saturated solution of 
ammonium chloride and boiling until all free ammonia gas has been liberated, 
beryllium hydroxide alone becoming soluble. (Berzelius vide H. Rose. Handbuch 
der Amlytischelt Chemie, 1851, II., G l . )  
3. Decomposition of either sodium or potassium hydroxide sohtions of 
beryllium hydroxide when diluted and boiled for a short time. (Gmelin, Pogg. 
Annalm, 1840, 50, 175.) 
4. Solubility of both beryllium and aluminium hydroxides in either sulphurous 
acid or in a concentrated solution of ammonium hydroxide saturated with sulphur 
dioxide. When the solution is boiled to expel sulphur dioxide aluminium hydroxide is 
precipitated. (Berthier, Ann. C h k .  Phys., 1843, [iii.], 7, 74.) A similar method has 
been described substituting a solution of sodium thiosulphate, being an adaptation 
of Chancel’s method of estimating aluminium. (Comptes rend., 1858, 46, 987.) 
5. Precipitation of aluminium as basic sulphate by addition of zinc to a 
solution in sulphuric add. (Debray, Ann. Clvim. Phys., 1855, [iii.], 44, 1.) This 
method was claimed by Scheffer (Zoc. cit., 1859, [iii.], 56, 112) to be satisfactory, 
though the digestion with zinc required from two to three days. 
6. A method was described by Gibbs in 1864 (Sill. Amer. J .  Sci., 37, 356), in 
which the oxides were fused with potassium hydrogen fluoride. The fused mass 
was treated with boiling water containing a, little hydrofluoric acid to extract the 
beryllium as a double fluoride, which crystallized out on cooling. 
7 Rossler (Zeitsch. anal. Chem., 1878, 17, 148) was able to precipitate beryllium 
as a double ammonium phosphate by the addition of ammonium phosphate in 
presence of citric acid, but only when the quantity of aluminium present was small. 
8. Vincent (Bull. Soo. Chim., 1880, 33,157) stated that the salts of beryllium were 
insoluble in excess of dimethylamine due to the preoipitation of beryllium hydroxide, 
whereas aluminium hydroxide w&s soluble. C!. Renz (Ber., 1903, 36, 275) applied 
this fact, and also showed that beryllium hydroxide was precipitated by either 
methylamine or mono- or di-ethylamine. He gave slttisfactory data obtained from an 
ethylamine separation. 
9. Haven’s method (Chem. News., 1897, 76, 111) depends upon the insolubilitx 
of A1C186H,0 in concentrated hydrochloric acid and ether, saturated with hydro- 
chloric acid gas. 
10. Solubility of basic beryllium aoetate in chloroform. (Haber and Vau 
Oordt, Zeitsch. anorg. Uhem., 1903, 40, 465.) 
11. Hart (J. Amer. Chem. Soc., 1895, 17, 604) suggested the use of a strong 
solution of sodium carbonate, which precipitated the major portion of the aluminium 
hydroxide. This method was later modified by Parsons end Barnes (Zoo. cit., 1906, 
28, 1589), who recommended boiling for a, half minute with a 10 per cent. solution 
of sodium bicarbonate. 
12. Fusion of Be0 and Also8 with excess of sodium carbonate for two or three 
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hours, and then extracting the sodium aluminate with water, beryllium oxide 
remaining unattacked, (Wunder and Wenger, Zeikoh. aml. Chem., 1912, 61, 470-3.) 
13. Method depending upon the volatility of basic beryllium aoetate, which 
Kling and Gelin (Bull. SOC. Chh. ,  1914, 15, 205) state can be carried out by distilling 
the basic acetate of beryllium under reduced pressure, 19 mm. in a current of acetio 
acid between 160° and 170° C. for four hours, and then for another hour a t  250’ C. 
Besults within 2 per cent. 
Of these, methods Nos. 1, 2, 3, 4, 11 depend upon the peculiarity possessed by 
beryllium of forming soluble basic salts. This may be explained by the work of 
Hildebrand (,J, Amer. Chern. SOD., 1913, 36, 864)) who found that the hydrogen ion 
concentration necessary to precipitate aluminium and beryllium hydroxides by 
means of sodium hydroxide, differed only by a small amount-viz., about 10- and 
10- 6 respectively. Hence, methods of separation depending upon this difference- 
e.g., using a solution of sodium thiosulphate, giving hydrogen ions by hydrolysis-will 
not be likely to be very satisfactory. 
I t  therefore seemed that in the separations depending upon the formation of 
soluble basic salts of beryllium, sufficient amounts of the reagents must be taken to 
maintain the necessary hydrogen ion concentration to keep the beryllium hydroxide in 
solution ; in other words, there must be limits of solubility of beryllium hydroxide in 
solutions of reagents for definite temperatures and qoncentrations. Such limits have 
been found in the case of ammonium carbonate, sodium carbonate, and bicarbonate. 
Knowing the amount of beryllia which a reagent can hold in solution and in which 
aluminium hydroxide is insoluble, then it would appear at first sight that a method 
had been found to give a complete.separation, if a sufficient quantity of the reagent 
had been employed. If only the phenomenon of “ sorption )) by colloidal precipitates 
could be eliminated or reduced to a minimum, the above methods might be useful. 
On account of this, it was thought much more desirable to try to find the 
conditions necessary for obtaining a quantitative separation of beryllium hydroxide 
in the form which can be easily washed. The precipitate of beryllium hydroxide 
obtained by boiling dilute sodium or potassium hydroxide solutions was found to be 
granular, and when examined microscopioally was seen to be composed of small 
particles, perhaps crystalline, of a littie over lp in diameter. In  this form it could 
be completely washed, and as was proved by Van Bsmmelen (‘I Die Absorption,” 
Gesammelte Abhandhngea ilber Kobloide und Absorption, 1910, 97) does not adsorb 
substances from solution. 
Vauquelin in 1798 
( A m .  Chirn. Phys., 26, 156) first noticed that alkalis dissolved beryllium hydroxide, 
which was again thrown down on boiling. Qmelin (Pogg. Annalen, 1840,60,175) found 
that, if the alkali solution was not too dilute, the deposition of beryllium hydroxide, 
after boiling from fifteen to twenty minutes, was complete. Similar conclusions 
were drawn by Schaffgotsch (Pogg. AnnaEen, 1840, 60, 183)) who also stated that the 
precipitate was an insoluble sdt of potassium, from which the potassium could be 
removed by washing, rendering the precipitate once again soluble. Weeren (Pogg. 
Amalen, 1854, 92, 91)) Hofmeister (J .  prakt. Chem., 1859, 76, 3)) and Joy (Sill. 
Amer. J. Sci., 1863, 36, 83-91), all obtained unsatisfactory results. Penfield and 
This method has been investigated by several workers. 
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Harper (Amer. J. Sci., 1886, [iii.], 32, 110) found the method, using sodium 
hydroxide, to give a good separation when the liquid was boiled for an hour a t  a 
dilution of 800 c.c., glass vessels being as suitable as those of platinum. The method 
was considered best by Zimmermann in 1887 (Dzss., Berlin ; Zeitsoh. anal. Chem., 
1888, 27, 61-63), who stated that quantitative results were only obtainable from 
potassium hydroxide solutions when boiled for fifteen to twenty minutes in a 
platinum basin, the dilution for 0-3 grm. Be0 not being allowed to exceed 300 C.C. 
Haber and Van Oordt (Zeitsoh. anorg. Chem., 1904, 38, 377) studied the process from 
the point of view of the solubility of the crystalline ” hydroxide in various concen- 
trations of sodium hydroxide solution. Some correct separations were obtained by 
Wiinder and Chdladz6 in 1911 (Ann. Chim. aflalyt., 16, 205), though in the one case 
where they did not obtain an accurate separation they attributed it to not having 
used sufficient potassium hydroxide to keep the aluminium hydroxide in solution. 
They obtained, however, in other instances correct separations when employing 
less alkali. 
This method has proved satisfactory in the hmds  of several workers, but others 
have tried it without success. Their failure was probably due to their having 
employed too much alkali to redissolve the hydroxides or to having unduly prolonged 
the boiling. An effort has been made to estabIish the conditions necessary to give 
correct separations, which will now be described. 
EXPERIEIENTAL PART, 
Pure beryllium sulphste (BeS0,.4H,O) was obtained by treating commercial 
beryllium nitrate with excess of fairly concentrated sulphuric acid, heating until 
basic sulphate had dissolved, and then crystallising the salt by pouring the solution 
into alcohol. The crystals were washed with alcohol and recrystallised from an 
aqueous eolution. An analysis of the beryllium sulphate gave BeOz14.10 per 
cent.; SO, = 45.21 per cent. Calculated as BeS0,.4H,O, Be0 = 14.16 per cent. ; 
SO, = 45-17 per cent. 
An exact 0.5 N beryllium sulphate solution and & number of sodium hydroxide 
solutions, of normalities varying from 0.1 N to 6-5 N, were made up. Ten C.C. of 
0.5N beryllium sulphate solution were placed in a beaker, and just sufficient sodium 
hydroxida solution was run in, drop by drop, to redissolve the precipitated hydroxide, 
this being indicated by the disappearance of opalescence. The solutions were then 
diluted to 600-600 C.C. and boiled for forty minutes, the volumes being maintained 
by occasionally adding water, after which the beryllium hydroxide was immediately 
filtered off by suction, and washed until no colour was obtained on dropping 
phenolphthalein on the precipitates. The precipitates were ignited and weighed, 
and the filtrates tested for presence of beryllium by acidifying with hydrochloric 
acid and adding ammonium chloride and ammonium hydroxide. The results given on 
p. 363 were obtained : 
In the cases Nos. 1 to 6 the depositions were quantitative. A slight amount of 
beryllium hydroxide remained in solution in No. 8. A solution of 10 C.C. 0.5 N.BeS0, 
and 41.1 0.0. 1.0 N.NaOH was diluted and boiled, in order to find what deposition 
was obtained when the ratio of NaOH to Be0 was between 8-56 to 1 and 19.76 to 1 
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(c j .  Exp No. 7). The deposition of beryllium hydroxide produced was quantitative ; 
an unweighable precipitate was formed on acidifying the filtrate with hydrochloric 
acid, adding ammonium chloride and ammonium hydroxide, and allowing the liquid 
to stand for some time. 
TABLE I. 
NaOH Soh-  
tion used. 
- 
MO. 
- 
1 
2 
3 
4 
5 
6 
7 
8 
- 
h’umberof 0.0. NaOH Millimols NaOH re- 
required to Precipi- p d  t o  keep Total Volume M d S .  NaOH . 
tate Be(OH), and 2 5  illimols Be(OH), of Mixture. Mols. Be(OHje 
Re-dissolve it. in Solution. 
10 C.C. of 0.5 N-BeSO, = 2.5 millimols BeSO.. 
I I I I 
2.4 
3.9 
6.0 
8 -5 
14.85 
26.4 - 
500 (approx.) 
10.6 
10.6 
11.9 
12.0 
13.6 
21-4 
39.1 
49.4 
6.51 N 
4.0 N 
2.84 N 
2.0 N 
1.25 N 
1.0 N 
0.113 N 
- 
1 
2 
3 
1.0 N 
651 N 
5.88 N 
0.0. 
12.4 
13.9 
160 
18.5 
24.85 
36.4 
510.0 
- 
4.24 
4.24 
4.76 
4.80 
5.44 
8.56 
15.6 
19.76 
~ ~ _ _ _ _  
From Table I. it will be observed that the amount of sodium hydroxide 
required when dilute solutions are used is much greater than for more concentrated 
solutions of sodium hydroxide. Hence the use of a concentrated sodium hydroxide 
solution is desirable in order to keep the ratio NaOH/BeO less than 15/1, so that 
complete deposition will ensue. 
The amount of sodium hydroxide required to keep aluminium hydroxide in 
solution was investigated, and fortunately the quantity required was small. 
A 0.5 N-aluminium sulphate solution was made up, pure aluminium sulphate 
being used. Fifty C.C. of 0.5 N-aluminium sulphate were placed in a beaker and 
sodium hydroxide solution run in until complete re-solution was just obtained. 
TABLE 11. 
Results : Calculated for 10 O.C. 0.5 N-AI,(SO,), E 1.67 millimols AI(OH),. 
Number of 0.0. of NaOH 1 Millimols NaOH re- 
and Re-diseolvo ,U(OH),.I Precipitated Al(OH),. 
reqnirod to Precipitate quired to Dissolve Mols. NaOH, Mole. AI(0H) ‘ 
6.90 
1.05 
1.17 
1.90 
1.84 
1.88 
1.14 
1.10 
1.12 
The amount of sodium hydroxide required is, therefore, only slightly more than 
that required for the quantitative formation of NaA10, (cf. Heyrovsky, J. Chem. 
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364 BRITTON : THE SEPARATION OF ALUMINIUM FROM BERYLLIUM 
Soc., 1920,111,1013). Solutions of aluminium hydroxide (0.4359 grms. A1,OJ in 
the minimum amount of sodium hydroxide were diluted in one case to 400 c.c., in 
another to 600 o.c., and in a third to 800 C.C. These were boiled, but in no instance 
did any deposition of aluminium hydroxide occur in less than two hours, the largest 
amount being from the 800 C.C. dilution, which amounted to about 4 per cent. after 
three hours. Diluted solutions were allowed to stand overnight, and in each case 
slight depositions were observed. 
I t  has been noticed that when decomposition of the aluminate solution begins, 
causing a deposit (in what has been described as the crystalline form) on the walls 
of the beaker, the decomposition thereafter becomes more rapid. Slade and Polack 
(Trans. Faraday Soc., 1914, 10, 150) also noticed that the deposition on surfaaee 
such as platinum, being rougher than glass, took place somewhat more quickly. It is 
therefore conceivable that there may be a chance of aluminium hydroxide depositing 
more quickly than usual on glass, on the deposited beryllium hydroxide i€ allowed to 
accumulate on the side of the beaker. In  one separation, in which boiling had been 
continued for an hour, a slight quantity of alumina was deposited with the beryllium 
hydroxide, comprising about 2 per cent. of the total precipitate. This happened to 
be a case where beryllium hydroxide had been allowed to deposit somewhat heavily 
on the beaker, especially round the edge of the surface of the solution. 
The amounts deposited during forty minutes’ boiling in a dilution of 500 0.0. 
have proved negligible, as the following results of separations show : 
No. 
1 
2 
3 
4 
5 
7 
6 
TABLE 111. 
Taken. 
0,2067 
01255 
0.1255 
0.0665 
0,0653 
00137 
0.0262 
I Grms. BeO. ! Grms. Al,08. 
Found. 
0.2065 
0.1258 
0.1259 
0,0665 
0.0658 
0.0363 
0.0135 
Taken. 
00600 
0.1703 
0.4207 
0.2491 
0.2557 
0,2552 
0.2547 
0.c. 
9.75 
7.45 
11.40 
7.05 
6.90 
5.80 
4.95 
Found. 
0.0603 
0.1700 
0.4210 
0.2490 
02550 
0.2554 
0.2550 
Normal. 
5.88 
6.51 
6.51 
5.88 
5.88 
5.88 
5-88 
These mixtures were made up by taking weighed amounts of pure beryllium 
sulphate and duminium sulphate. They were dissolved in about 30 C.C. of distilled 
water, and a concentrated solution of sodium hydroxide added in just sufficient 
quantity to cause re-eolution of the precipitated hydroxides. The clear solution was 
then diluted to approximately 500 C.O. and boiled for forty minutes, the volume being 
kept constant. The precipitate was filtered off and washed until free from sodium 
hydroxide, and finally ignited and weighed. 
After the removal of the beryllium hydroxide, the filtrate and washings were in 
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each case boiled for about half an hour to ascertain whether either the deposition of 
beryllium hydroxide appeared complete, or if the aluminate solution began to 
decompose. In every separation there was no deposition, proving that there is a 
distinct break between the total decomposition of the beryllate solution and the 
beginning of decomposition of the aluminate solution. 
The aluminium oxide was estimated by acidifying the solution with hydrochloric 
acid and precipitating the aluminium with ammonium chloride and ammonium 
hydroxide. The aluminium hydroxide precipitate was freed from any adsorbed 
sodium chloride by igniting the unwashed precipitate in a platinum crucible and 
extracting it with water containing ammonium chloride and ammonium hydroxide. 
When washed, the precipitate was ignited and estimated. 
From the data given it will be seen that the use of the method is quite general, 
no matter what ratio of beryllium to aluminium may be present. It was feared that 
the method would not be satisfactory when the amount of alumina present was great 
as compared with the amount of beryllia, on account of the amount of sodium 
hydroxide that might be necessary. The following table is interesting, inasmuch as 
it shows that the amounts of sodium hydroxide required in the foregoing analyses to 
get the beryllium hydroxide into solution, after having deducted the amount of 
sodium hydroxide required by the formula NaAlO,, all lie within the amounts given 
in the preliminary experiments. In the analysis of mixture No. 7, where the 
amount of Be0 is small and that of A1,0, is large, it so happens that the ratio of 
mols. NaOH to mols. Be0 is as 14.8 to 1, and therefore just falls within the limits 
for the quantitative decomposlition of beryllate solutions. 
TABLIO IV. 
to 
DEtp 
Iydroxides. 
Millimols. 
NaOH'oon 
verted into 
NaA1oe* 
No. 1 N ~ O H  re- 
quired for 
37.33 
28.50 
39.51 
21-52 
20.35 
17.04 
13.07 
Precipitation 
end Re-solu- 
tion. 
1.17 
3.33 
8.23 
4.88 
5 -00 
4.99 
4.98 
-I 
5 
6 
7 
40.57 
34-10 
29.11 
8.24 
5.00 
6-00 
2.65 
2.60 
1 *04 
0,545 
AI(OH),. 
1.17 
3 *33 
8.23 
4.88 
5.00 
4.99 
4.98 
NaOH re- 
,uired t o  keep 
Be(OH)z in 
Solution. 
36.16 
25-17 
31.28 
16.64 
15-35 
12-05 
8-09 
Mols. NaOH 
Molsr Be(OH),' 
4.4 
5 *O 
6.3 
6.3 
5.9 
11.6 
14.8 
CONCLUSIONS. 
The oonditions neceseary to render quantitative the method of separation of 
aluminium from beryllium, depending upon the hydrolytic decomposition of beryllate 
solutions, have been investigated. They are : 1. Solutions which contain not more 
than about 0.3 grms. of Be0 and 0.4 grms. of AI,O, should be evaporated to about 
26 c.c., and brought to the temperature of the room, after whioh a concentrated 
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366 NOTES 
solution of sodium hydroxide--s.g., 6 N-NaOH-is oautiously added unbil the 
precipitated hydroxides are just dissolved. [N.B.-Addition of too muah sodium 
hydroxide will produce a slower and incomplete deposition of beryllium hydroxide.] 
2. A suitable dilution to produce a complete deposition of beryllium hydroxide 
after forty minutes’ boiling is 500 O.C. Prolonged boiling may cause the deposition 
of some aluminium hydroxide. 
3. The beryllium hydroxide must be filtered from the boiling solution immedi- 
ately, as the aluminate solution, if allowed to stand for any length of time, 
will slowly deoompose ; and, further, there is a tendency ,for a little beryllium 
hydroxide to re-dissolve. 
The author desires to express his thanks to Professor A. J. Allmand for the 
interest he has taken in this work. 
UXIVERSITY OF LOSDON, 
KING’B COLLEGE. 
. F . f z . f . . f . +  
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